Structure of the M148Q mutant of rusticyanin at 1.5 A: a model for the copper site of stellacyanin.
The small blue copper protein rusticyanin from Thiobacillus ferrooxidans contains a type 1 Cu centre with a single axial ligand, Met148, which together with the His-Cys-His trigonal planar ligands produces a distorted trigonal pyramidal coordination geometry to copper. Type 1 Cu sites are found in cupredoxins and several multicopper proteins, including oxidases and nitrite reductases. The role of the axial ligand has been extensively debated in terms of its function in the fine tuning of the redox potential and spectroscopic properties of type 1 Cu sites. Numerous mutations of the Met ligand in azurins have been studied, but interpretation of the results has been complicated by the presence of the additional carbonyl oxygen ligand from Gly45, a neighbouring residue to the coordinating His46. The importance of the axial ligand has been further emphasized by the finding that the type 1 centre in Rhus vernicifera stellacyanin, with the lowest redox potential in a type 1 Cu site of 184 mV, has Gln as the axial ligand, whilst fungal laccase and ceruloplasmin, which have redox potentials of 550-800 mV, have a Leu in this position. Here, the crystal structure of the M148Q mutant of rusticyanin at 1.5 A resolution is presented. This is a significantly higher resolution than that of the structures of native rusticyanin. In addition, the M148Q structure is that of the oxidized protein while the native structures to date are of the reduced protein. The mutant protein crystallizes with two molecules per asymmetric unit, in contrast to the one present in the native crystal form. This mutant's redox potential (550 mV at pH 3.2) is lowered compared with that of the native protein ( approximately 670 mV at pH 3.2) by about 120 mV. The type 1 Cu site of M148Q closely mimics the structural characteristics of the equivalent site in non-glycosylated cucumber stellacyanin (redox potential approximately 260 mV) and, owing to the absence in rusticyanin of the fifth, carbonyl ligand present in azurin, may provide a better model for the R. vernicifera stellacyanin (redox potential approximately 184 mV) type 1 Cu site, which also lacks the fifth ligand. Furthermore, the presence of two molecules in the asymmetric unit cell indicates a potential binding region of the redox partners.